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ABSTRACT
Small island developing states are arguably the most vulnerable, exposed nations on a
global scale to the harmful effects of climate change. Particularly in Sāmoa, an abundance of
environmental, economic, and social impacts have severe impacts on both the country as a
whole as well as on an individual level. This study analyzes future mitigation strategies of land
use and urban design to recreate Sāmoa’s capital of Apia as a more climate-resilient city to
encourage economic growth and to ensure the well-being of all inhabitants. This planning is
based upon current challenges of Sāmoa driven by climate change such as flooding, cyclone
damage, and increased heat alongside adaptive capacity of the Pacific island to protect itself
from the negative outcomes of climate change. Utilizing sustainable urban design, government
mitigation strategies, disaster management, and education awareness Apia has great potential
to improve its resilience to climate change. Qualitative data collected from personal interviews,
Sāmoan government resources, international databases, and non-governmental organizations
explained the impacts of climate change on Sāmoa while distributed surveys demonstrate the
general public opinion of the urgency of response to climate change. Data analysis proved that
there is a large disparity of climate change awareness between those formerly educated who
are working in the formal economy such as government officers in comparison to unemployed
individuals such as National University of Sāmoa (N.U.S) students. Altogether, this research
presents a strong foundation for positive urban design and sustainable development adaptation
to ensure a robust state of being for Apia as well as Sāmoa as an entity.

Key Words: urban design, sustainable development, climate resilience, infrastructure,
architecture, mitigation, geographic information systems, 3D modeling, geospatial
data
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INTRODUCTION
Utilizing mechanisms of sustainable urban design and development is an ideal way of
combating the environmental, economic, and social issues of Sāmoa that result from climate
change. Sustainable development is the organizing principle for meeting human development
goals while at the same time sustaining the ability of natural systems to provide the natural
resources and ecosystem services upon which the economy and society depend. Meanwhile,
sustainable urban design is the development of roads, buildings, energy and water
infrastructure with careful consideration of environmental impacts (Climate Resilience
Investment Programme, 2011; International Institute for Sustainable Development, 2019). The
research question at hand is: “How can Sāmoa progress forward with sustainable infrastructure
development while ensuring durability and protection from tropical storms and the well-being of
the community?”. The decision of researching sustainable infrastructure development for
climate resilience in Sāmoa was based upon the urgent need for governmental solutions in
response to the adverse effects of climate change on the nation’s two islands. Unless new city
and governmental planning takes place, the city of Apia in Sāmoa will continue to experience
increasingly severe environmental, economic, and social impacts of global warming.
Sāmoa has a history of high vulnerability to natural catastrophes due to its coastal
location and close proximity to the ocean. Dangerous effects of climate change such as
cyclones, flooding, and increased heat are increasing in severity particularly amongst the Pacific
islands as anthropological actions continue to drive their existence (Schnoor, 2016). Other
challenges Sāmoa faces include its remoteness and external shock vulnerability. As a series of
isolated islands, Sāmoa socially and economically relies heavily on global trade with nations
such as Australia, New Zealand, and China for the development and maintenance of new
infrastructure such as the Faleolo Airport in addition to the Parliamentary Building at Mulinu’u.
However, these foreign relations can oftentimes come with a hidden costs to Sāmoa such as
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exploitation of natural resources or the transportation of asylum seekers to the Pacific islands
from the nations of aid themselves. Foreign aid is also relied upon for imports and cash flow of
food products grown on the islands like coconuts, taro, and breadfruit (Crossley and Sprague,
2014). This delicate relationship places Sāmoa in a vulnerable position in which citizens would
experience dire hardship if trade decreased but simultaneously are experiencing issues with the
foreign relations that are established. Sāmoa is economically stressed with little government
funding for large independent public plans for issues related to sustainable development and
urban planning (Connell, 2002).
Although sustainable urban development would be ideal, it is hard to be implemented
when government funding is so scarce (Connell, 2002). Factors of sustainable materials used
considered in legislative policy formulation to determine where certain infrastructure can be
build include recyclability, renewability, energy conservation, and reconstructive capabilities of
the materials used to merge back with the earth after use (Atolagbe and Fadamiro, 2014).
Location is also an important factor of sustainable development as well as land management
which presents many issues due to the Sāmoan traditional belief that land should be shared and
belongs to all (Buttimore, 2017; Latai-Niusulu, 2015).
This research paper is organized in chronological order of the progression of climate
change on the islands of Sāmoa. The past and reasoning behind Sāmoa’s vulnerability and
risks to climate change are first mentioned to provide foundational knowledge before explaining
the applications of current mitigation efforts against events such as cyclones, flooding, and
increased heat. The last section of the research paper explicates future plans for the city of Apia
to not only increase climate-resilience but to also increase national income so that Sāmoa can
gain economic independence to fund future projects with little to no foreign aid.

It is an ideal time to conduct research on sustainable infrastructure development in
Sāmoa in order to protect civilians in the best possible manner from the detrimental dangers of
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climate change that the island increasingly experiences. Unless rapid action is taken, people will
continue to be negatively impacted by the unpredictable and powerful forces of the changing
planet.

Objectives and Aims
The aim of the research project is to evaluate the adaptation of sustainable development
and infrastructure in Apia, Sāmoa in response to climate change as well as possible future
practices that can be completed. To execute this goal, facts from scholarly articles and
published review articles regarding environmental, economic, and issues in Sāmoa were
utilized. Interviews were also conducted with local Sāmoan citizens who live, work, or attend
school near the city of Apia in order to gain a detailed perspective of the different issues of the
island revolving climate change and its detrimental effects to the community. This research was
supplemented by personal, visual assessments and experiences within Apia and the
surrounding areas. Overall objectives of the research include:

A. What sustainable practices does Sāmoa regularly use during the development of
infrastructure?

B. How has infrastructure in Sāmoa developed over the course of history?

C. What are effects of climate change in Sāmoa and where do they most likely occur?

D. What are people’s perceptions and degree of awareness on climate change in the
Pacific?

E. To what extent do Sāmoans place high importance on environmental protection and
rapid social response to climate change?
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To justify the rationale behind the research objectives, it is extremely valuable to first
recognize current sustainable practices and mitigation efforts in Sāmoa before considering new
solutions for the future. Understanding how infrastructure in Sāmoa has developed over the
course of history and where natural risks are highest is important so that smart, lasting projects
can be put into place in correspondence to effects of climate change. However, knowledge of
the general public’s amount of concern and awareness of climate change is also needed in
order to be fully conscious of the best means to construct future sustainable projects as well as
to communicate their goals to local citizens.
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METHODOLOGY
Online research was completed utilizing scholarly databases and search engines to
discover and take notes of significant, related scholarly journal articles concerning the research
topic of future sustainable urban design. This was done to build a foundation of knowledge
before beginning the personal narratives process of the data collection. Two supplementary
methods of data collection aided these secondary sources in the conducted research: Talanoas,
open conversation of one’s experiences, and surveys. Talanoas were used during the eight
personal interviews in order to gain a sense of how inhabitants of Sāmoa feel about important
issues in their communities such as storm damage risk and degree of government legislation.
Talanoas are a culturally expressed and accepted means of communication in the Sāmoan
culture which benefited my data collection due to participants’ willingness and genuine, positive
connotations of talanoas.
Questions asked during the discussions revolved around personal impacts of climate
change, awareness of environmental issues, and opinions on the influence of one’s job within a
given community. The talanoas conducted were slightly modified because although the
conversations were open and casual, they were also following an outline of questions written
prior to the conversation. Talanoas were held with 6 anonymous participants and 2 willingly
identified individuals: Leilani Galuvao (CEO of the Ministry of Works, Transport, and
Infrastructure) and Perelini Lameko (ACO of Electricity Sector Supervision).
The second method of data collection was through thirty distributed printed surveys
which consisted of questions related to climate change and the Sāmoan public opinion of
necessary urgency for such manners. For this reason, three distinctly different groups of people
were selected for the study. Ten surveys were distributed to individuals of each of the following
groups: health organizations, churches, and National University of Sāmoa (N.U.S) students.
Participation in the surveys and personal interviews was compensated through distribution of
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light refreshments. Anonymity was preserved in order to encourage honesty in survey
responses. Only individuals who opted from anonymity are cited and mentioned by name within
this report. Personal interviews began to be conducted on April 5th and ended on April 25th.
Research was conducted on the island of ‘Upolu where the Sāmoa’s capital city, Apia, is
located. During the independent research period the area of residence was very close to Apia,
making data collection and visual assessment of the city fairly simple to complete. Visual
assessment was used to observe Apia’s current infrastructure and city designs in order to
compare it to potential future designs. For this reason, it was decided not to spend any time
collecting data in a rural village.
Raw data collected from personal narratives and surveys will be stored for ten years in
the case that this study may be continued. The data is also stored online within a Google
document and a personal laptop. Participants will have access to the results of the research
through a sent pdf of my research paper that will be emailed to the appropriate participants if
desired.
The digital geographic information system generated maps representing data of terrain
elevations and vegetation cover were created using the QGIS software. Downloaded datasets
were retrieved from an OpenLayers plugin and the National Aeronautics and Space
Administration (NASA) Earth Observation System Data and Information System (EOSDIS). The
future urban development design for Apia was created using an advanced 3D modeling
software called SketchUp for creating digital, immersive, and interactive urban environments.
These models were created to supplement the research report and to demonstrate current
natural risks while also envisioning the future sustainability of Apia. The computer-aided design
models were then uploaded to a third-party sharing repository called SketchFab as
stereolithographic files so that interaction of the architecture designs could be made both
through the computer and virtual reality programming. This was done so that viewers can truly
experience the sustainable design models firsthand.
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Strengths of the independent study included the personal connections made prior to
many talanoas. Many of the informants from the study were either people with relationships that
had been established beforehand or individuals who were met through academic relations.
However, a weakness and limitation to the data collection was the time constraint to collect
specific data within personal narratives. This led to the modified talanoas which may have
affected the level of detail in a given response. The researcher’s positionality as an American
student in Sāmoa is another limitation. The researcher’s identity makes the person an outsider
to Sāmoan culture which affects their conceptualizations of Fa’a Sāmoa, the Sāmoan way of life
which in turn may have led to personal conclusions and lack of complete understanding of the
culture. The dialogue held with individuals and the questions asked were based upon the
interviewer’s understanding of Fa’a Sāmoa. Due to a slight language barrier, another limitation
was that personal narratives and survey responses were only distributed to those who were
literate in English and thus have had more education than many other Sāmoans. This may have
skewed the results of the data collection. Although the researcher is informed about climate
change in Sāmoa, the researcher has not lived in the country throughout the course of their
entire life and therefore lacks a holistic perspective of Sāmoa’s risk to climate change.
Challenges of this research included earning proper approval from the Ministry of Health
to have employees participate in the study by completing five surveys in total. A cover letter of
the research topic along with a letter from the SIT Sāmoa academic director, Dr.Taomi, was
sent and reviewed to the chief executive officer of the ministry before the employees were
allowed to participate in the research. Another challenge consisted of finding N.U.S students
who were willing to participate in the research. A helpful tactic used to encourage participation
amongst students was through exchange of light refreshments such as pork buns from local
vendors. It was also rather difficult to find telecommunication workers who were willing to spare
time out of their work day to have open conversation regarding their thoughts on climate
change. During this process, it was very important to remain courteous and to always show
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extreme gratitude towards the informants. It was found that most individuals were most
available and willing to have conversation during their free lunch hours.
The protocols for this study were approved through an ethical review board at
Gettysburg College, School of International Training, and the Ministry of Health in Sāmoa.

Ethical Considerations
Informants’ consent was gained by first explaining the purpose of the research project as
well as how informants’ input and stories were going to be utilized in the accumulation of
information. Participants of the study were also made aware of the research project goal of
analyzing future sustainable urban designs as a means of ensuring that informed consent was
given only after complete prior knowledge of the study was known. Both verbal and written
consent of the participant indicated by a physical signature were obtained before any dialogue
concerning the research was initiated. Participants were asked if they would have preferred to
have their anonymity preserved or if they would rather have their legal names be mentioned in
the research paper. Before any personal interviews began, participants also checked a box of
indicating whether they wanted their identity to remain anonymous or not. It was explained to
the participants that the discussion and survey responses would be documented. Position of
leverage or force were not present towards any individuals who participated in the study
because participants chose to be involved with the study out of their own free will.
Informants were also made aware that the data collected from their interviews would be
stored for ten years in the case that the current study may be continued in the future. The data
was stored in an online Google document on Google Drive which is logged on to only on one
personal laptop. Participants will have access to the final research paper through email if that is
what they would prefer.
The research conducted is responsive to host community needs of establishing lasting,
renewable infrastructure to ensure sustainability and living comfort as climate change continues
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to cause progressively noticeable, negative impacts on the islands of Sāmoa. The research
project contributes to respectful, culturally appropriate, and collaborative relationships by
incorporating the narratives of local Sāmoan citizens and by weighing their opinions heavily
when future project ideas were devised in conjunction to preexisting plans created by the
Sāmoan government.
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VULNERABILITY
Environmental Risk
Sāmoa is put at severe risk to the effects of climate change due to a multitude of factors
such as its geographic location along the equatorial line and its low elevation. This makes the
islands prone to environmental dangers such as increased heat, cyclone damage, flooding,
drought, and erosion. Other negative outcomes of climate change Sāmoa faces include food
shortage and lack of clean drinking water. Cyclone damage, flooding, and heat in particular
pose extremely detrimental risks to city infrastructure because these factors can cause damage
and destroy built settlements where people reside, visit, or commute upon (Climate Resilience
Investment Programme, 2011).
One of the greatest environmental risks in Sāmoa consist of cyclone damage. A tropical
cyclone is a storm system fueled by the heat released when moist air rises and the water vapor
within it condenses (National Disaster Council, 2006). Cyclones pose threats to infrastructure,
agriculture, reefs, fishing, and tourism while also inducing erosion and endangering the wellbeing of organisms. Natural events such as El Niño cause drought in the western Pacific that
increases the severity and frequency of cyclones (Climate Resilience Investment Programme,
2011). This in conjunction to poor land use management threatens sustainable planning, living
standards, and future growth prospects (National Disaster Management Plan, 2019).
There has been a significant increase of wind speeds while return periods of major
storms have shortened (Climate Resilience Investment Programme, 2011). Cyclones with wind
forces above 75 mph that were expected to impact Sāmoa once every five to six years are now
expected to impact the country every four years. Even less severe cyclones with gale force
winds of 38 to 54 mph will now increase to occur annually or every two years (National Disaster
Council, 2006). This causes increases in property damages, especially during cyclone season
when Sāmoa is most vulnerable to tropical storms. Cyclone season resides within the months of
October through March when humidity is at its highest (Climate Resilience Investment
Programme, 2011). However, storm season in general is from June through November and the
strongest storms peak during August. On the Saffir-Simpson Scale used to locate and measure
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storm intensity, Sāmoa lies within the most severe Zone 5 with storm winds of more than 250
kilometers per hour on average where there is a 10% probably of a storm of the same intensity
striking within the next 10 years (Climate Resilience Investment Programme, 2011).
Cyclone Evan in 2012 in particular caused significant damage to Apia. Cyclone Evan
was a severe Category 4 tropical cyclone, meaning that there were sustained winds of 158-198
km/h and gusts of 226-280 km/h. Cyclone Evan occurred on December 13-14th and damaged
almost 1,000 houses and destroyed approximately 700 of these homes in total (Climate
Resilience Investment Programme, 2011). In response to Sāmoa’s history of storm damage,
40% of survey participants revealed that they would not feel safe staying in a building or any
type of infrastructure in Apia during a storm.
The city of Apia in particular is put at extreme risk to storm damage due to its location
along the coast which was strategically placed to encourage trade and commerce. 70% of
Sāmoan inhabitants and vital infrastructure such as the hospital, police station, and government
building are located directly along the sea or within a close proximity upon low lying coastal
areas (National Disaster Council, 2006). In fact, Sāmoa as an island itself has rather low
elevation and depth value along the coastal regions. The city of Apia is placed on terrain that
lies within 1,300 meters to 3,500 meters above sea level, leaving it exposed to tropical cyclones
that form within and travel across the Pacific Ocean through the warm-water Equatorial Current
(Figure 1; National Disaster Council, 2006).
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Figure 1. Three-dimensional perspective digital elevation model of Sāmoa measured in meters relative to
sea level (Modified from Kumar and Kruger, 2008).

Another major environmental issue in Sāmoa inflamed by climate change is flooding. As
the overall climate of the planet continuously rises so does sea-level which leads to
infrastructure damage and coastal erosion. An instance of this is West Coast Road between
Vailoa and Mulifanua Wharf that runs parallel and oftentimes adjacent to the coast. The road’s
location makes it extremely vulnerable to sea-level rise and heavy storms which leads to
deterioration and excessive surface flooding, creating a positive feedback loop in which the road
quality continues to degrade at a quicker rate. The eastern end of the road is put at particular
risk due to a high water table which influxes even more water onto the road surface. This
causes inconveniences to many stakeholders such as civilians, workers, and travelers who
commute on West Coast Road, a vital link to key locations such as the Faleolo International
Airport and the Mulifanua ferry wharf (Climate Resilience Investment Programme, 2011).
Major infrastructure that is regularly impacted by river flooding and flash floods include
the Faleolo Airport, Moto’otua Hospital, schools, tourist destinations, port facilities, and power
plants (Climate Resilience Investment Programme, 2011). Particular areas of Sāmoa such as
Apia with steep catchments of flood water are put at risk of frequent and heavy storms. Areas of
Apia that are more inland reside on terrain that is primarily angled at a 5° angle which increases
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to 27° outward near the coast. The slope angle of terrain is not very high and puts Apia
infrastructure at risk of flooding and other natural disasters (Figure 2; Bonte-Grapentin et al.,
2019).

Figure 2. Slope angle map of Sāmoa based on 250 m compiled grid (Modified from Kumar and
Kruger, 2008).

The major flood of April 2001 was particularly severe; the storm rapidly inundated the
majority of Apia within a short span of time and approximately 5,000 local residents were
directly impacted by resulting flood damages. In total, 1,300 buildings were gravely damaged
with repair costs exceeding $4.2 million U.S dollars of direct damage. Similarly, the Apia wharf
reached 1.092 meters within the first two hours of the storm. Tidal levels directly impact peak
flood water levels in the lower Vaisigano River where the highest recorded tide level in Apia
Harbour within the past 12 years reached an entire 1.67 m above mean sea level. This caused
a great inconvenience to because The Vaisigano River bisects Apia and is one of the main
sources of water for the capital city. The river is also used to generate power for two
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hydropower stations that supply most of Apia’s electricity which was interrupted due to the flood
event. In a 1 in 100-year flood event, it is statistically predicted that there is a 1% chance of
most regions surrounding the Vaisigano
River to experience extreme flood hazard
during any given year (Figure 3; BonteGrapentin et al., 2019; South Pacific
Applied Geoscience Commission, 2012).

Heat is the third major effect of
climate change that has direct, lasting
impacts on the city infrastructure of Apia.
In a conducted survey, 63% of Sāmoan
inhabitants reported that they and their
families are impacted by the increase in
heat. Sāmoa normally experiences high
levels of humidity and heat with average
humidity levels of 77% alongside
temperatures of 28 °C (82.4 °F) in 2009.
However, these conditions have
exacerbated dramatically due to overall
increased global temperatures. Ten years
later in 2019, average humidity and
temperature levels are 81% and 30°C (86
°F) (Weather Atlas, 2019). Drought and
decreased precipitation caused by El Niño
largely contribute to the increase in heat.
This is because the absence of warmer Pacific water that usually resides westward along the
Oceanic coast leads to significantly hotter, drier conditions in countries such as Sāmoa
(National Disaster Council, 2006). Sāmoa is put at the most amount of heat risk during the
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summer months of July through August when precipitation levels are at their lowest of 80 mm
per month on average (Weather Atlas, 2019).
A drastic increase in heat isn’t simply uncomfortable - it is also detrimental to city
infrastructure because it poses risks for electricity transmissions and other urban systems. High
temperatures weakens transmission and electricity generation which can cause many
inconveniences and issues for areas such as offices, schools, and homes that heavily rely on
electricity for major functions. The generation and transmission of electricity generates heat
which can reinforce the creation of more heat through positive feedback loops. The most
common example of this concept is demonstrated with the growing demand and need for air
conditioning in Sāmoa. As the temperature continues to rise, people feel a greater need to have
air conditioning in order to work and live in a comfortable environment. However, the way the
motors of the air conditioning units draw electricity from the grid creates even more heat which
adds to the already hot climatic conditions of Sāmoa. (National Climate Change Adaptation
Research Facility, 2009).
Many inhabitants of Sāmoa claim that the heat has noticeably and appallingly rose
throughout the course of the past ten to fifteen years. “The temperatures in Sāmoa have
increased exponentially within a short course of time” noted a management officer. “Before,
people accustomed to the tropical climate were able to live rather comfortably on a daily basis.
Now the few 5% of affluent enough families on the islands rely on air conditioning to help them
get through the day” (Anonymous, personal interview, April 5, 2019).
Electricity Sector Supervisor Perelini Lameko commented that “the hotter climate has
stopped people from working outside. People who use to be active and doing things like
gardening and maintaining the house now stay inside instead” (P. Lameko, personal interview,
April 5, 2019).
The increase in heat not only affects electricity generation but it also oftentimes leads to
road failure when flushing and bleeding occurs. This is when patches of adhesive materials form
during hot weather on road surfaces composed of bitumen and stone aggregate. Oftentimes this
is due to an error in design that creates excessive bitumen. However, flushing and bleeding may
also be caused by sealing the roads too often or too soon, composition of underlying materials,

Kaewwilai 16
and inadequate allowance for traffic. Bitumen rises and completely immerses the stones at the
road surface. The bitumen also damages roads and vehicles alongside sticking to tires and
making transportation more difficult (National Climate Change Adaptation Research Facility,
2009).
The urban heat island is an effect when urban and metropolitan areas experiences
significantly warmer temperatures than its surrounding rural areas to high amounts of human
activities. The temperature difference is usually greater at night than during the day and is most
apparent when winds weaken. This poses many environmental and social issues for Samoa as
Apia continuously expands and grows in size (National Climate Change Adaptation Research
Facility, 2009).
Findings from the research process demonstrated that although many Sāmoans are
aware that climate change is a major global issue, many individuals are not aware of the
specific impacts on Sāmoa. Many people have a surface understanding of the issues of global
warming but mitigation strategies like different types of renewable energy are not commonly
known due to a lack of teaching in primary schools. On the rare occasion, the issue of climate
change would be brought up during creative writing classes if students chose to write poetry
about how their families are impacted by the natural changes. However, climate change was not
taught as part of any science courses in schools.

Economic Risk
Each time Sāmoa faces a major natural disaster it causes extreme, detrimental
economic effects. For example, the 2009 tsunami caused the GDP to decrease by 38% with
asset damages of $54 million U.S dollars. Past intense cyclones that have severely impacted
Apia such as Cyclones Ofa and the even more powerful Cyclone Val in 2018 caused
infrastructure damage costs estimates of approximately four times the gross domestic product
of Sāmoa, $830 million U.S dollars. 260% of Sāmoan GDP was lost due to Cyclone Val alone.
Together, cyclones Ofa and Val were detrimental enough to regress Sāmoa’s economy by an
entire twenty years, damage most buildings and infrastructure, and destroy 30% of agricultural
assets (Index Mundi, 2018; National Disaster Council, 2006). It is extremely detrimental to the
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Sāmoan economy to lose agriculture because crops like taro, bananas, and coconut are sold
overseas through globalized trade for profit. This globally earned profit cycles back to Sāmoa as
money that can be implemented for future climate-resilient projects to help improve the
conditions of current establishments in popular areas such as Apia (Climate Resilience
Investment Programme, 2011).
The economics and affordability sustainability factor (EASF) consist of the cost, social
labor, and financial outlay with which building materials can be processed and the housing unit
can be maintained for a significant number of years. This factor increases in weighted power as
the Sāmoan economy grows and allows flexibility and adaptability to events like natural disaster.
A strong national economy is vital towards creating lasting urban designs and resilient
infrastructure management (Atolagbe and Fadamiro, 2014; Connel, 2002). However,
urbanization in the Pacific is oftentimes a challenge due to economic inflexibility, small
population sizes, emigration, food and water insecurity, fragile ecosystems, susceptibility to
natural disasters, and dependence on foreign fuels and food (Climate Resilience Investment
Programme, 2011). As a consequence, urban development of any kind on small island
developing states like Sāmoa remain in states of infancy (Connel, 2002).

Foreign Aid
Due to the fact that Sāmoa does not independently have enough economic funds to
support its city plans and goals, the nation relies on foreign aid from countries such as China,
Australia, the United States, and New Zealand for additional monetary supplement to help
establish and renovate vital infrastructure. Export of local Sāmoan produce and goods are also
used to supply income for the nation through global trade. ChinaAid has helped fund and
construct many important national buildings and infrastructure in Sāmoa such as the Faleolo
Airport, Ministry of Justice and Courts Administration Building, Moto’otua Hospital, Mulinu’u
Parliamentary Building, Tui Atua Tupua Tamasese Efi Building, and the National Broadband
Highway. In a conducted survey, 60% of people agreed that globalization and foreign aid with
international partners leads to positive improvements of Sāmoan infrastructure and city
planning. Although Sāmoa is gaining economic assistance and infrastructure development
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through foreign aid agreements with countries like China it comes at a cost. Sāmoa
continuously falls into increasing debt with every new ChinaAid project established, creating a
positive feedback loop of monetary lost. As of June 2018, Sāmoa was over $421 quadrillion U.S
dollars in debt to China. Many of the loans Sāmoa accepts are processed through funds from
The World Bank and the International Bank for Reconstruction and Development (IBRD),
international financial institutions that offer loans to middle-income developing countries for
capital projects (Firth, 2019).
However, many individuals argue that foreign aid with partners such as China is more
beneficial than detrimental for Sāmoa despite the popular public opinion stating otherwise.
“There’s a belief that development through China is done solely through loans,” states Leilani
Galuvao, assistant CEO of the Sāmoa Ministry of Works, Transport, and Infrastructure (MWTI).
“However, the first mission is to look for grant funding. Only when we really can’t access grant
financing, then we look at soft loans with low interest rates. Sāmoa is fully financed by China for
the development of the front area of the waterfront, back area behind the government building,
and the area next to the shoreline is done all through grant funding.” When asked about the
contrasting public idea that ChinaAid is detrimental to Sāmoa, Galuvao responded that “they
don’t just do it without complying within conditions for building as well as input for issues of
development consent done by the Emergency Management Agency” (L. Galuvao, personal
interview, April 16, 2019). According to Galuvao and other ministry employees, an agreement
with set regulations made by several government ministries always reaches a consensus with
countries like China and there is equity in voice within the established relationships.
It was found that 15% of surveyed citizens are unaware of the fact that climate change
impacts Sāmoa’s international commerce with overseas trading partners. 21% of people believe
that Sāmoa’s national economy should be addressed before focusing on social, community, and
environmental concerns. This demonstrates the lack of understanding of the major influence of
climate change and how it transcends into all aspects of daily life for Sāmoa.
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Social Risk
Not only is the environment and economy impacted by climate change but so are the
people who live in Sāmoa. Severe tropical storms put people at immediate physical risk of being
hit by loose, flying debris. The roofing and sidings of buildings and homes may also collapse
and pose detrimental impacts on the Sāmoan population. Aside from that, car accidents are far
more likely to occur when excess flood waters cause road surfaces to become slick and tires to
lose traction. Cyclone Gita in 2018 forced 200 people into evacuation centers around the
country due to the destruction of their homes (Lati-Niusulu, 2015; National Disaster
Management Plan, 2019).
“Strong winds blew through the night that uprooted trees and ripped roofs off of houses,”
recalls a local citizen. “Many main roads were blocked and the power in Apia was out”
(Anonymous, personal interview, April 5, 2019). It was reported that food and water became
very difficult to gain access to because shops were closed and plantations were destroyed.
Landslides and flooding rendered roads impassable and communications through electrical
lines were momentarily lost, causing a disarray between families separated by the storm.
Damage to the power grid reached $10 million and a state of disaster was declared for Sāmoa
on February 10th. Natural disasters in the Pacific oftentimes have very lasting, severe social
impacts in Sāmoa such as polluted drinking water, erosion, illness, and food shortages that
further drives the nation into a state of economic struggle. This causes Sāmoa to become even
more reliant on foreign aid which can then cause negative outcomes such as dependence on
countries overseas and further financial debt (National Disaster Management Plan, 2019).
Aside from that, one of the greatest social risks of climate change in Sāmoa is the
general public’s lack of understanding and knowledge of how their country is rapidly changing
due to global warming (Crossley and Sprague, 2014; United Nations Development Programme,
2017). Survey results indicate that 57% of Sāmoans think that there is an insufficient amount of
data supporting the idea that climate change is affecting Sāmoa. Meanwhile, 13.33% of
surveyed individuals do not believe that Sāmoa is put at immediate risk nor can these
individuals provide a detailed definition of climate change. Although 70% of people declare that
they have been educated of climate change during school, only 50% of surveyed Sāmoans can
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name three types of renewable energy. This demonstrates the lack of environmental education
and the extreme impacts climate change has on not only an international scale but also within
the Pacific islands.
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MITIGATION STRATEGIES
Goals for Sustainable Urban Development
In order to build more durable infrastructure to safeguard Apia from the detrimental
impacts and implications of climate change, strategic urban planning and sustainability efforts
must be set in place to progress the resilient advancement of Sāmoa’s capital city. Meanwhile,
Sāmoa’s future and existing natural and physical environment must be carefully managed to
provide better development outcomes (Ministry of Natural Resources and Environment, 2019).
The environmental, economic, and social sustainability of coastal infrastructure and transport
assets must be enhanced through mitigation efforts that also properly manage urban features,
disaster risks, and natural resources (Government of Sāmoa, 2013). The main areas of needed
intervention include building designs, roads, flood protection, as well as energy usage. Although
the areas of needed improvement are rather broad, there are methods to address all of
Sāmoa’s major needs of building climate-resilience, utilizing sustainable technology, and
increasing global connections to aid the economy for future sustainability projects (Climate
Resilience Investment Programme, 2011; Government of Sāmoa, 2013).
One of the best ways to address dire cyclone, flooding, and heat related issues in Apia is
to form collaborations between a wide array of individuals ranging from government officials and
engineers to Apia residents themselves. The city must safeguard itself from these three major
environmental risks to the infrastructure of Apia while still using energy in less costly and
effective ways. There is a strong need for sustainable, energy-efficient, and lasting ideas. In aid
of these efforts, a plethora of organizations and plans have been created with the ultimate goal
of protecting Apia. For example, the National Adaptation Program of Action (NAPA) focuses on
improving work transport, urban development, energy, and coastal environments (Climate
Resilience Investment Programme, 2011). Meanwhile, Goal 7 of the Sāmoa Strategic Program
for Climate Resilience (SPCR) is to ensure environmental sustainability. There is a need to
integrate renewable and sustainable principles into programs and policies to help stop and
reverse the loss of Sāmoa’s environmental resources. New urban designs should take methods
of protecting natural land cover while still reducing carbon dioxide and heat emissions into
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consideration. Goal 8 of the climate resilience plan is to develop international connections for
development to address Sāmoa’s particular environmental, economic, and social need as a
landlocked small island developing state. Overseas partnerships can be utilized to help improve
Apia’s infrastructure design while keeping Sāmoa out of any major debt and additional costs
(Government of Sāmoa, 2013; Ministry of Natural Resources and Environment, 2019).

Disaster Management Planning and Action
Many plans of emergency and disaster prevention protocol have been implemented by
key stakeholder groups involved in the design of Apia and the Sāmoa Strategic Program for
Climate Resilience. Heavy emphasis is placed on plans of action such as the Sāmoa National
Tropical Cyclone Plan which was created in 2006 by the Ministry of Natural Resources and
Environment (MNRE), Environment and Meteorology, and Disaster Advisory Committee (DAC)
just after Cyclone Urmil occurred. Other groups that are working in close collaboration include
the Ministry of Works, Transport, and Infrastructure, National Climate Change Country Team,
Electric Power Corporation, Land Transport Authority, Sāmoa Water Authority, and many other
organizations (Climate Resilience Investment Programme, 2011).
The purpose of the National Tropical Cyclone Plan is to detail mitigation, preparedness,
response, and recovery arrangements for tropical cyclones that affect Sāmoa. The first goal of
the plan is to ensure all communities and response agencies are prepared and ready to respond
to a tropical cyclone event. This is done by means such as evacuation and safety planning prior
to a cyclone as well as telecommunication and broadcasting (National Disaster Council, 2006).
Home and building evacuations are planned by the Disaster Management Office (DMO) in
conjunction with the DAC through cyclone simulations and storm predictions conducted through
geographical information systems digital mapping utilizing spatial data and remote sensing
(Sustainable Development, 2010). Past information gathered from land surveying is recorded
and used with current datasets to compose a relative idea of future climate and weather
patterns (Ministry of Natural Resources and Environment, 2019).
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Organizations such as the Office of the Regulator diligently announce the arrival of a
storm over means of communication such as television, radio, and phone notifications in order
to alert local residents so that they are able to prepare accordingly. Warning messages are
usually passed down by the DMO who first evaluate the level of risk of future weather (National
Disaster Council, 2006).
“We are much better equipped than before” stated a local citizen. “Natural disaster
warnings and mitigation phase advising is provided to practically anybody nowadays including
people living in the village. Even in the most remote areas, all that is needed for the message to
reach through is a cellular phone for one household or even just one phone for an entire village”
(Anonymous, personal interview, April 5, 2019).
The second goal of the Sāmoa National Tropical Cyclone Plan is to reduce the impact of
tropical cyclones (National Disaster Council, 2006). Although this can be done by relocating key
buildings in Apia, the preferred approach is to remodel and take new public safety measures
towards current key infrastructure landmarks in the city and surrounding areas (Figure 4).

Figure 4. Elevation terrain contours in Sāmoa in retrospect to Apia created with QGIS (Kaewwilai, 2019)
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An example of remodeling projects consist of the reconstruction of the new $44 million
Vaisigano Bridge that is funded by a Japanese grant. The new replacement bridge is currently
being built 20 meters away from the old bridge in order to preserve the same relative, known
location and purpose of helping vehicles cross the Vaisigano River (Sāmoa Observer, 2018).
Galuvao declared that “all of the piers underneath have taken a hit from the years of
storm damage. It isn’t simply the floodwaters and cyclone itself that wears down these
structures - it’s also the debris and things like fallen logs that bombard the bridge and eventually
wear it down” (L. Galuvao, personal interview, April 16, 2019). The new bridge will be a widespan road that will better withstand cyclones and other natural disasters while also protecting
piers located at lower elevations. The bridge will allow vehicles to pass each other safely which
will then strengthen Sāmoa’s transportation capacity. This will allow for an increase in
commerce and transportation of traded goods which can also benefit Sāmoa’s economy
(Sāmoa Observer, 2018).
The National Disaster Council (NDC) protocol of the National Building Code: CycloneResistant Buildings provides engineering and construction guidelines for new buildings and
recommends elevating current homes and buildings. A key idea that is being implemented from
the NDC is to elevate buildings so that events like flooding cause minimal damage compared to
past flood events (Ministry of Natural Resources and Environment, 2012). Wind protection is
also addressed which is vital to protecting people from flying debris during cyclone storms.
Awareness of storms is currently becoming more public through installation of wind direction
indicators for villages so that citizens know which section of their homes to protect with shutters
and iron boards prior to a storm (National Disaster Council, 2006).
Many groups such as the Sāmoan Red Cross Society alongside the Ministry of Women
Community and Social Development (MWCSD) regularly volunteer to design and construct
these indicators. Knowledge of wind directionality is also important for local Sāmoan residents
because it can be used to help people know which parts of the house and building to leave open
to allow wind to travel through. It is crucial to leave selective parts of the building open in order
to decrease high air pressures that would otherwise promote the roof to get entirely blown off
during strong storms. This correlates to the third goal of the Tropical Cyclone Plan which is to
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ensure a safe and quick recovery after tropical cyclone events. By lowering the potential risk
and damage a storm would cost through infrastructure design, a safer recovery is also put in
place (National Disaster Council, 2006).

The Sāmoan Flood Management Action Plan incorporates the wide range of possible
measures for managing floods that can range from structural measures involving construction of
new infrastructure to non-structural measures that include land use planning and development
control. Many structural measures considered in the plan that are currently used include flood
walls and embankments (Figure 5; Figure 6), upstream flood storage, use of bypass channels,
increasing water transportation (Figure 7), improving channel maintenance, pumping, and flood
proofing of new and existing buildings along with other assets (South Pacific Applied
Geoscience Commission, 2012).

Figure 5. Flood wall and bank protection for commercial property on a tributary of the Vaisigano River
(South Pacific Applied Geoscience Commission, 2012).
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Figure 6. Cross-section of a typical flood defense embankment system (South Pacific Applied
Geoscience Commission, 2012).

Figure 7. Water diversion system and elevation of Beach Road under current remodeling (Alyssa
Kaewwilai, 2019).
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Several buildings are now protected from floods with construction designs using
appropriate water-resistant materials that minimize flood damage. Another course of action that
is currently being taken is increasing ground floor levels by raising buildings. Temporary barriers
and other measures are also used to reduce flood damage when flooding occurs. Issues
considered in flood proofing the structure of a building include creating a design to withstand
water immersion, differential water pressure on walls, debris, and flotation forces. Specialized
materials that are known to withstand immersion are also recommended to be used such as
bricks and plastics because they can withstand immersion without damage and only need to be
cleaned after flood events. However, the impact of polluted flood waters like sewage is also
taken into account of urban planning in order to minimize environmental degrade (South Pacific
Applied Geoscience Commission, 2012).
Investment Project 1: Enhancing the Climate Resilience of the West Coast Road from
Apia to the Faleolo Airport is one of Sāmoa’s major climate investment project funds meant to
increase the road infrastructure resilience to extreme weather effects. The project also aims to
improve transit conditions for all road users and to reduce routine and periodic maintenance
costs in order to decrease flood risk during tropical storms. The project utilizes grant money
from the World Bank and is expected to cost a total of $15 million to reconstruct and elevate
West Coast Road. Storm water bypassing is currently utilized in the infrastructure design to
divert flood waters away from the main road (National Climate Change Adaptation Research
Facility, 2009). The second investment project of the Project and Programme Concepts under
the SPCR is to enhance climate resilience of coastal resources and communities in order to
help promote quick recoveries from environmental and economic shocks associated with
climate change. $9.7 million was requested for the funding of the project that is also
supplemented by World Bank grants. This project helps create first response facilities to
withstand category five cyclones in addition to securing power lines and potable water supplies
(Pilot Programme for Climate Resilience, 2011).

The World Bank’s support for Sāmoa focuses on the infrastructure sector which includes
urgent rehabilitation of structures and facilities that are necessary for the progressive growth of
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the nation’s economy. One of the driving reasons Sāmoa’s development is constrained is due to
the high cost of infrastructure caused by the scattered nature of the population. As a response,
the Sāmoa Second Infrastructure Asset Management Project (SIAM-2) was established in 2007
in efforts to help the government of Sāmoa improve urban, rural, and remote access to safe,
efficient, and reliable infrastructure services. The goal of the project is assist in funding
technological and institutional improvement and needs for Disaster Management and Land
Registration Systems while also continuing the reform of the MWTI to bring these changes into
effect (The World Bank, 2007).
In regards to technical and advisory assistance, responses to environmental
emergencies are currently being implemented to reduce natural disaster issues through
resource management and risk adaptation measures (The World Bank, 2007). This includes
creating safety margins built into electrical systems at set points that result in an inverse
relationship between the rising temperature and the amount of electricity that can be generated
and transmitted. This helps regulate the temperature of generated power to avoid the chances
of electricity failure caused by overheated appliances and wiring (National Climate Change
Adaptation Research Facility, 2009).
Aside from that, the rising electric power cost for domestic cash power itself due to
growing demand of electricity is a coincidental mechanism in preventing overuse and thus
overheating of power. As climate change continues to cause hotter climate, the request for
additional power to supply things such as air conditioning and fans increases which
subsequently causes the cost of electricity to increase as well (Climate Resilience Investment
Programme, 2011). The electrical energy charge for 101 or more kWh in 2015 was $0.28 WST
(Western Sāmoan Tala) but rose to $0.48 WST in 2019, a total of $0.10 USD (U.S dollars) gain
in expenses (Office of the Regulator, 2019). The total energy production of a typical Sāmoan
citizen per capita a year is 625 kWh, meaning that an individual now pays $115.02 USD for their
energy charge a year when in 2015 they would have only paid $67.10 USD annually. In
retrospect of four year time frame from 2015 to 2019, the typical Sāmoan citizen now pays
approximately $47.92 more USD for their annual energy charge which consequently means that
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they are more likely to decrease their electrical usage in order to save money (World Data,
2019).

Sāmoa Strategic Program for Climate Resilience
Within the Sāmoa Strategic Program for Climate Resilience, there are 14 sector plans
with the ultimate goal of improving Sāmoa’s mitigation efforts to combat climate change in
addition to planning for a more sustainable city design for the nation. Many of these plans
include the Planning and Urban Management Act, Disaster and Emergency Act, and the
Coastal Infrastructure Management Strategy and Plans. Local organizations that are part of the
planning process include the National Policy to Combat Climate Change, National Adaptation
Program of Action, and NAPA. These organizations and plans are led and made in efforts to
mainstream entry points of climate change risks and adaptation strategies at a national level.
SSPCR proposes both infrastructure-related and “soft” interventions that involve community
engagement and a strong education foundation to develop informed citizens who can help
combat the issue of climate change. Infrastructure-related interventions include building
foundations that account for flood hazard and strengthening the seawall. Meanwhile,
community-level interventions include planting suitable species of trees and vegetation in
coastal areas, managing reclamation processes affecting inland and coastal wetlands, and
undertaking a local education program on the importance of maintaining drains and
discouraging pollution (Climate Resilience Investment Programme, 2011).
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LOOKING TOWARDS THE FUTURE
Apia Waterfront Plan
One of Sāmoa’s most invested projects is the Apia Waterfront Development Project
Waterfront Plan, a comprehensive approach to drastically improve sustainability, climateresilience, and economic growth in the country by 2026 (Ministry of Natural Resources and
Environment, 2019). Under the Paris Agreement and other environmentally partnered projects
like Improving the Performance and Reliability of RE Power System in Sāmoa (IMPRESS),
Sāmoa has a goal of using 100% renewable energy like biogas for all electricity throughout the
country’s islands. The key to environmental and economic success is to incorporate aspects of
The Apia Waterfront Plan with the IMPRESS project to improve the sustainable and costeffective use of indigenous renewable energy resources for energy production while still driving
economic growth through ecotourism. These efforts will aid Sāmoa in achieving the indicators
under Sustainable Development Goal (SDG) 7 of ensuring affordable, reliable, sustainable, and
modern energy for all (Chan-Ting, 2017).
The primary goal of the Apia Waterfront Plan is to develop a strategic waterfront
development plan as part of infrastructure investment to enhance Sāmoa as a tourist destination
all while maintaining and highlighting cultural narratives. Many tourists who visit Sāmoa tend to
only reside within the confines of resort territories - the Apia Waterfront Plan envisions Apia as a
provider of high quality open spaces to an international standard that tourists and locals will be
attracted to (Landscape Architecture Aotearoa, 2019). The project is meant to guide
government management and waterfront users on future development and how the waterfront is
envisioned to be transformed within the next 10 years or so. The Apia Waterfront Plan was
launched by the Cabinet in 2014 and receives foreign financial support from the Government of
New Zealand through a professional services consultancy firm called Beca Group Limited
(Chan-Ting, 2017). Although the Apia Waterfront Plan is a very costly project, the possible
economic gains made through dramatically improved tourism can truly help Sāmoa acquire
independent funding required for repairs and maintenance costs of current and future
infrastructure assets (Ministry of Natural Resources and Environment, 2019).
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The first phase of the Apia Waterfront Plan is to prioritize vital infrastructure priorities and
strengthen management. In other words, environmentally and socially sustainable coastal
infrastructure management is emphasized alongside community engagenment. An example of
this plan is exhibited with the idealized, potential future infrastructure developments in Apia
meant to encourage tourism and improve Sāmoa’s economic standing. Ideas such as an ecoboardwalk, tidal steps, and green space implementation can be improved by taking
environmental risks and mitigation efforts into effect (Figure 8; Figure 9; Figure 10; Landscape
Architecture Aotearoa, 2019).
Increased green space and vegetation will not only attract more tourists but will also lead
to more root uptake of excessive flood waters all while encouraging commerce along the Apia
waterfront. Portable shade tents and large trees will also promote commerce along the
waterfront by providing cool areas for people to walk beneath near local street vendors and
small businesses. The seawall can be extended by 50 meters and multiple layers of concrete
and stone can be used to ensure protection against tropical storms and floodwaters. Meanwhile,
local plantation and Sāmoan personal narratives can be preserved as indicated by the local
tropical flowers in the model and the use of a fale, a traditional Sāmoan house, for the design of
a tourism building near the ocean. Special seating areas will also be built along the footpaths
while the northern end of the Clock Boulevard will have large shade sails to cover a social
space with picnic tables. Aside from that, interpretation signage will connect the planned
projects with adjacent Chinese development. This allows Apia’s sustainability and economic
growth to increase while also maintaining and sharing traditional culture to the public (Figure 8;
Figure 9; Landscape Architecture Aotearoa, 2019).
Eco-boardwalks can be built at both the Vaiala and Mulinu’u Waterfront once useful and
visual seawall landscape improvements are made like adding native trees and mangroves. The
added vegetation will not only make the area look more attractive to tourists but it will also help
prevent flooding due to the plants’ rapid uptake of water as well as the added soil stability the
roots will establish. The anticipated Natural Science Discovery Center at the Mulinu’u Waterfront
will connect to Vaiusu Bay as well as roadways, discovery centers, lighting, and public outdoor
seating in order to promote connectivity with the natural environment as well as commerce. This
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creates the opportunity to provide a distinctive scale and materiality to the market and building
areas to enhance the Apia waterfront (Ministry of Natural Resources and Environment, 2019).

Figure 8. Computer-generated render of planned Coastal Edge and Clock Tower Boulevard (Land
Architecture Aotearoa)

Figure 9. 3D model of anticipated seating area along Clock Tower Boulevard Land Architecture
Aotearoa)
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Figure 10. Artist impression of potential future developments along Mulinu’u Waterfront (Ministry of
Natural Resources and Environment, 2019)

A new vision for the Pacific waterfront along Beach Road where ships tourist and trade
ships dock in Sāmoa is currently under planning. Current architectural designs call for the
replacement of the native pulu trees with palm trees that are deemed as more aesthetically
pleasing to tourists. However, palm trees do not offer the same amount of wind and storm
coverage as the pulu trees (Ministry of Natural Resources and Environment, 2019). A MWTI
employee reveals that the new waterfront plan incorporates “curbs that are all concrete. The
roots of the pulu trees would be an issue for the curbs because the roots get quite big - to the
point that the concrete will come apart eventually. Constant maintenance costs more money. In
most cases like in Australia and America, tax money pays for major projects. Most projects in
Sāmoa are done through donor funding. It’s hard to get a certain amount of funding every five
years” (Anonymous, April 16, 2009). Concrete was decided as the material to be used for the
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tidal because it is a high performance, durable, yet reasonably priced building material that can
also provide Sāmoa with a polished, modern look to attract tourists and thus increase national
income to fund future projects (Ministry of Natural Resources and Environment, 2019).
As daunting as the task may seem, there are ways to keep Sāmoa’s native pulu trees
along the waterfront while still ensuring durable, lasting infrastructure design. The goal is to
maintain Sāmoa’s cultural heritage through its landscape features while also building climateresilience. One solution to the issue of pulu trees degrading the concrete tidal steps is to
redesign features of the concrete structure. For example, if a layer of pea gravel is placed under
the new concrete, the tree roots will be able to expand without causing damage to the
infrastructure. The concrete of the steps can also be reinforced utilizing rebar, reinforcing steel
tension wires, so that the pulu tree must lift several slabs at once to cause damage. It is also
important to work with the natural curves of the landscape: the sidewalk can bend and slope
around the pulu trees which will allow the trunk and roots sufficient space to grow without
causing damage to the tidal steps (Inexpensive Tree Care, 2016). However, concrete is a slick
and non-porous surface which means that mangroves could also be planted near the shoreline
to prevent overly excessive flooding on shore. Another option is to still use concrete for the tidal
steps but to also extend the end of the existing seawall to help prevent further infrastructure
degrade from storms (Climate Resilience Investment Programme, 2011).
The second phase of the Apia Waterfront Plan is to invest for sustainable growth and
protection. This entails the management of environment, natural resources, and disasters
restructured in partnership with civil society as more tourist attractions are created. These
strategies must be economically and environmental sustainable for infrastructure in coastal
areas amongst many other sectors of land. There are plans to develop and improvise buildings
such as a museum, science discovery center, sports center, parliamentary complex,
courthouse, and an arts and heritage site. In order to help protect these key sites from storm
damage, rain gardens using native grasses and plantings can be installed to help manage storm
water runoff and improve storm water quality. Rain gardens will serve both a functional and
aesthetic purpose, beautifying the Apia waterfront and making the natural landscape more
pleasurable for foreign guests. The new infrastructure will be strategically placed to provide
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connections through Beach Road to the waterfront, using building orientation to funnel breezes
and assist in orienting people in the space. The design of the spaces will also integrate the
buildings and the landscape so shading and cooling can be provided. This can be done through
installation of green roofs, improving drainage systems, and raising road pavements. However,
a comprehensive understanding of basic sustainable infrastructure and design must first be
present before any projects and ideas can be fully executed (Climate Resilience Investment
Programme, 2011).

Reimagining Infrastructure
Traditional Sāmoan home designs can be implemented with ideas inspired by the need
for climate-resilience infrastructure for the future. The first thing that should be considered in
planning future sustainable urban design is the type of material that will be used. The goal is to
use the lightest yet highest grades of energy and levels of technological materials that will
perform exceptionally even under stressful conditions (Ministry of Natural Resources and
Environment, 2019). Modern materials such as cement, glass, steel, and aluminum are
accompanied by mass production, low unit cost, and higher performance. However, many of
these materials are not commonly found at a local level in Sāmoa and would require a large
sum of energy to produce and trade from overseas. The solution is to use less production costly
materials such as timber, sand, and aggregate soils that are local to Sāmoa to avoid
unnecessary trade costs (Atolagbe and Fadamiro, 2014).
Materials used to construct timber for fales, open and traditional Sāmoan houses, can
also be used in application to new urban planning when combined with climate-resilient design
to improve the quality of these materials. Breadfruit trees, sugarcane leaves, alongside the
Hibiscus tiliaceus tree known as fau to Sāmoans are common and natural materials used to
construct bases for homes and thatch. For this reason, it is more cost and energy effective to
use materials like timber instead of concrete and steel in Sāmoa. Constructing homes with an
elevated finished floor on constructed fill above the coastal flood level with designated space for
storm water runoff would also help preserve the materials’ durability by avoiding flood waters
from major storm surges. This will also help protect infrastructure from groundwater rise which
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can happen when recharge occurs in an unconfined aquifer. This then causes the water table to
increase in elevation (Figure 11; Figure 12). Elevated foundations are a heavily regarded
infrastructure feature that are used in many anticipated designs and plans such as with those of
the Natural Sciences Discovery Center (Figure 12; Ministry of Works, Transport, and
Infrastructure, 2017; Schnoor, 2016).

Figure 11. Properties of future elevated coastal infrastructure design (Ministry of Works, Transport and
Infrastructure, 2017)
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Figure 12. Exterior view of Natural Sciences Discovery Center design with elevated foundation (Keay,
2014)

Traditional Sāmoan architecture is believed by some to be a direct response to changing
climate conditions. An example of this is seen with the high roofs and few exterior walls of fales
to stop all day sun while still allowing cool breezes to enter the structure (Figure 13). It is
beneficial to incorporate these older concepts of home design while also considering new
mechanisms to decrease building exposure to intense tropical heat (Schnoor, 2016).
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Figure 13. Cross section of a traditional Sāmoan fale (Modified from Buttimore, 2017)

Although the urban heat effect poses as a potential issue for the growing population and
urban development of Apia, it can be avoided through implementation of energy efficient ideas
like installing green roofs, high ceilings, roof overhangs, covered porch shades, and balcony
shades. These mechanisms minimize direct contact with the sun’s intense heat while also
allowing cross-ventilation air flow on a multitude of levels to allow buildings to remain cool
(Ministry of Works, Transport, and Infrastructure, 2017).
Solar heat can also be retained through solar panels to minimize the amount of
additional generated electricity in order to further decrease the risk of the urban heat effect.
Modern methods of sustainable urban design combined with traditional Sāmoan fale ideas
consisting of spacious areas along with open outdoor patio recreational sections of the home
will allow for maximum airflow and passing of floodwaters underneath the house (Figure 14;
Figure 15; Figure 16; Figure 17; Ministry of Works, Transport, and Infrastructure, 2017).
Sustainable architecture practices can be applied to both larger and smaller houses in order to
accommodate availability of land space as well as socioeconomic status (Figure 16; Figure 17).
Together, modern and traditional ideas will yield the most positive and lasting effects on
Sāmoan citizens and help build climate-resilience (Landscape Architecture Aotearoa, 2019).
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Figure 14. Energy efficient design techniques in high roof structure (Ministry of Works, Transport and
Infrastructure, 2017)
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Figure 15. 3D model of 2 floor future sustainable home inspired by MWTI blueprints utilizing SketchUp
computer-aided architecture design software (Alyssa Kaewwilai, 2019)

Figure 16. Low roof infrastructure utilizing sustainable energy practices (Ministry of Works, Transport and
Infrastructure, 2017)
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Figure 17. 3D model of 1 floor future sustainable home inspired by MWTI blueprints utilizing SketchUp
computer-aided design software (Alyssa Kaewwilai, 2019)

Green roofs are partially and completely covered with vegetation and a growing medium
planted over a waterproof membrane to improve storm water management. This is done by
reducing runoff and improving water quality, conserving energy, mitigating the urban heat
island, increasing longevity of roofing membranes, reducing air pollution, and sequestering
carbon. Green roofs also increase urban biodiversity by providing habitat for wildlife, urban
agriculture, and a more aesthetically pleasing, healthy environment. This improves return on
investment by increasing tourism in Sāmoa. As development in Apia increases the number of
impermeable surfaces in the city, mitigation of storm water runoff becomes increasingly of high
importance because it lessens flooding and erosion. The layered design of green roofs utilizing
features such as vegetation, filter sheets, drainage layers, edging stones, root barriers, leaf
screens, and a waterproof membrane also minimize the amount of discharged raw sewage that
causes exacerbation of health disparities and illnesses that negatively impact the Sāmoan
population (Figure 18; Figure 19; Connell, 2002; Michigan State University, 2012).
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Figure 18. Minimum green roof components in sloped design (Ministry of Works, Transport and
Infrastructure, 2017)

Figure 19. Roof drain on a flat green roof (Ministry of Works, Transport and Infrastructure, 2017)

Kaewwilai 43
A supplementary roof can also be installed to further protect the structure from heat and
to divert storm water runoff from damaging the quality of the roof and interior materials (Figure
20). However, another method of lessening the likelihood of heat exposure that could damage
electricity function is to install thermal chimneys that would intake hot air and circulate it outside
of the building through the use of heat absorbing materials like black metal in addition to a
rotating turbine (Figure 21; Ministry of Works, Transport, and Infrastructure, 2017).

Figure 20. Supplementary roof for sustainable building design (Ministry of Works, Transport and
Infrastructure, 2017)
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Figure 21. Thermal chimney in exterior wall (Ministry of Works, Transport and Infrastructure, 2017)

Flood and cyclone mitigation measures can be put into effect through the use of
waterproof membranes for doors and windows to help safeguard buildings from potentially
dangerous flood water, winds, and flying debris. Safety measures that can be implemented at
door stoops, the flat area at the front door of a house, include utilizing zinc-coated steel and a
waterproof membrane below the surface to keep flood water out of infrastructure. Zinc is a
useful resource because it prevents rusting while also acting as a barrier between the built
structure and excessive flooding (Figure 22). A waterproof flashing for a window is fairly similar
although it also incorporates concrete sealant sprayed on the external wall as well as a still with
a slight slope to repel unwanted water (Figure 23). Through utilization of new sustainable
infrastructure designs, Apia has great potential to improve its climate-resilience (Ministry of
Works, Transport, and Infrastructure, 2017)
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Figure 22. Example of waterproof membrane and flashing for door stoop (Ministry of Works, Transport
and Infrastructure, 2017)

Figure 23. Example of waterproof membrane and flashing for window (Ministry of Works, Transport and
Infrastructure, 2017)
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Climate-Resilient Design
An idea that many local citizens have considered is a course of action that is actually
under consideration under The Flood Reduction Action Plan created by The Secretariat of the
Pacific Region Environment Program (SPREP): create a route for a flood diversion and bypass
channel from the Lelata Bridge near the Vaisigano River directly northeast to the Pacific Ocean
near Taumeasina Island. The channel would join an existing river channel to the south of the
Apia Park sports stadium. A diversion channel would redirect a portion of flood flow away from
the area at risk and reduce flood levels along the channel downstream of the diversion off take.
This would be extremely useful in safeguarding infrastructure and people during cyclones as
well as other tropical storms. However, this construction opportunity is limited by the topography
of the area and ecological considerations for the availability of land (South Pacific Applied
Geoscience Commission, 2012).
Many natural features such as trees and rough, rocky terrain would present themselves
as obstacles for this project. If the flood diversion channel was created, it would have a channel
length of 1.5 km and 2 km depending on the route taken in order to allow significant amounts of
water redirection. Low lying areas to the west of Apia Park stadium, however, would require
flood defense embankments along the side of the channel to avoid water spilling out of the
channel and exacerbating flooding within the area. Recommended actions for this project
include assessing land ownership issues in the area that the reservoir would be conducted as
well as identifying environmental impacts of the project. Working with community members from
a local level can be utilized as a mechanism to find common ground when choosing land for
government projects (Figure 24; South Pacific Applied Geoscience Commission, 2012).
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Figure 24. Possible route for flood diversion channel from Lelata Bridge directly to Pacific Ocean (South
Pacific Applied Geoscience Commission, 2012).

A similar idea to the flood diversion channel that is very popular amongst many Sāmoan
citizens is the construction of a new road from Mulinu’u to Vaiusu so that an evacuation route
would be available in the dire case of a cyclone or other tropical storm. “It would save many
people very much time in the case of an emergency evacuation process” stated Lameko (P.
Lameko, personal interview, April 5, 2019).

Another climate-resilient design Sāmoa could invest in is extending the end of the
existing seawall approximately 50 meters to allow for better proximity to the coast and back-fill
eroded area of land to increase the buffer to the road. This will help protect the city
infrastructure along with the natural waterfront area (Climate Resilience Investment Programme,
2011). It is important to take many factors into account when building a seawall such as average
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ocean wave height and the wall’s proximity to the water in order to make the best judgements of
what type of material to use and how large the wall needs to be. Materials such as steel, vinyl,
and concrete are commonly used in the construction of seawalls. Although vinyl and steel
materials require less maintenance than concrete, it is important to use concrete for Sāmoa’s
seawall because it is the most durable material. As of now, the current concrete seawall in
Sāmoa struggles to receive the proper constant maintenance due to a lack of steady annual
budget to invest in maintenance costs. However, if proven to be successful the Apia Waterfront
plan will provide the needed economic provisions to maintain and make regular improvements
to the seawall (Rodriquez, 2017).
On the other hand, other materials like vinyl may also be used to replace the current
deteriorating concrete seawall if needed and further funding is not received. Vinyl has a longer
lifespan than steel and can last for more than approximately 50 years. Even the color of the
material can be chosen to help appease to local and tourists’ aesthetic tastes. On the downside,
vinyl has height limitations and cannot be built into hard surfaces. Although steel has high
installation costs, it is the second most durable material next to concrete that can be installed
into practically any substrate and does not have any height limitations. However, steel requires
periodic maintenance that although is required less frequently than that of concrete may still
present itself as a challenge for a small island developing state like Sāmoa. With proper care,
steel seawalls can last more than 25 years (Rodriquez, 2017).
Although seawalls have proven to be beneficial in protecting Apia’s infrastructure and
civilians, they are oftentimes still regarded as “an eye sore” (Anonymous, personal interview,
April 14, 2019). More visually appealing seawall alternatives include beach replenishment in
which eroded sand is replaced to guarantee the existence of the beach unlike seawall
constructions that simply protect inland areas. However, this method of conservation is rather
costly and requires an acute match of grain size of native sand to avoid negative impacts on the
Sāmoa’s natural environment. Constant transportation of sand is also needed which may cause
inconveniences at environmental, economic, and social levels. A second alternative to seawalls
is beach drainage in which a series of pumps and drains are constructed to artificially lower the
water table in assumption that less wet sands leads to less erosion. The downside of this

Kaewwilai 49
method is that its level of efficacy is lower than sea walls and beach replenishment. This is due
to assumptions that are always accurate and the fact that the system requires extensively costly
underground construction (Figure 25; Anthoni, 2018).

Figure 25. Beach drainage system to lower water table (Anthoni, 2018)

There are an abundant amount of adaptation measures in response to electrical faults
caused by dangerously increasing heat. One mitigation strategy is to provide underground
electricity and telephone lines. Electricity lines can also be relocated outside of hazard zones to
avoid excessive heat such as in high density areas in Apia where the urban island effect
regularly occurs. This will help reduce heat exposure to the electrical wires that may otherwise
cause overheating. Cubicles for electric circuits can also be designed so that they can
periodically open up to allow airflow and prevent overheating. In addition, prioritizing load
shedding with power suppliers before allowing the public to access certain electrical services
can also greatly reduce instances of electrical failure due to overuse and overheating. Using
reflective paint and operable doors for signal cabinets can lower the risk of electrical failure of
traffic control systems, helping to keep citizens safe from automobile accidents. Aside from that,

Kaewwilai 50
portable generators can also be deployed around key infrastructure and buildings in the case of
a power outage to restore power. This can also help avoid the need to connect signaling
systems to a local domestic power supply which can greatly reduce energy usage to lower the
probability of electrical failure (National Climate Change Adaptation Research Facility, 2009).
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CONCLUSION
Although Sāmoa’s capital city of Apia has a great deal of challenges it must overcome in
order to better adapt and equip itself to climate change, there is a great deal of potential for the
city. The constant exposure Sāmoa faces to natural risks builds the country’s resilience to these
issues because Sāmoa continues to adapt and survive despite physical and socio-economic
challenges. Environmental, economic, and social risks must first be addressed in detail and
analyzed from a variety of stakeholders’ perspectives such as local citizens, overseas partners,
government workers, legislative employees, and tourists to find the best holistic solutions. Three
factors of climate change that require urgent attention in regards to Sāmoa are cyclone damage,
flooding, and increasing heat (Climate Resilience Investment Programme, 2011).
Despite opposing viewpoints, it is crucial to maintain and continuously build upon
positive international relationships with nations such as China, New Zealand, Australia, and the
United States to gain overseas aid for needed climate-resilient projects to improve infrastructure
and protect the inhabitants of Sāmoa (Climate Resilience Investment Programme, 2011).
However, in order for Sāmoa to be able to independently support itself the issue of lack of
strong environmental awareness and education must first be addressed at a local school level.
This will build a community of leaders who are informed and educated on mitigation strategies
to safeguard Sāmoa and its popular commercial area of Apia. Information of current risks and
efforts to protect Apia from these natural disasters can be added to the current education
system. Current mitigation efforts such as the Flood Management Action Plan address the need
to construct infrastructure assets such as flood embankment systems, seawalls, and elevated
roads to build climate-resilience against extreme tropical storms. However, these strategies and
systems can greatly improve to promote efficiency and durability (South Pacific Applied
Geoscience Commission, 2012).
Utilizing Sāmoa’s aesthetic landscape and views, tourism can dramatically increase on
the islands and thus cause major boosts to Sāmoa’s economy. Projects like the Apia Waterfront
Plan aim to not only make Apia more resilient to certain impacts of climate change but to also
attract overseas tourists (Ministry of Natural Resources and Environment, 2019). Another
impactful way of increasing climate-resilience for Apia is to improve infrastructure designs

Kaewwilai 52
through implementation of sustainable measures like green roofs, heat chimneys, solar panels,
levels of shaded roofing, rain barrels, as well as waterproof membranes to seal windows and
doors. In conjunction to these ideas, projects for a better climate-resilient design for Apia include
building flood channels, extending the seawall, beach replenishment, and providing
underground electrical wires to avoid electrical failure from overheating. These ideas can be
contributed to other current projects aimed at strengthening Sāmoa’s environmental and
economic status in order to gain insights of various solutions to many of Sāmoa’s challenges
(Ministry of Works, Transport, and Infrastructure, 2017; National Climate Change Adaptation
Research Facility, 2009).
New questions that were inspired by the research project include the following: “Will
Sāmoa’s culture change in the future due to increased tourism?”, “Will any negative
repercussions arise due to an increase in tourism?”, and “What are some of the best practices
for engaging young Sāmoan scholars with environmental awareness?.” Findings from this
project will inform future research interests of sustainable architecture design for existing
metropolitan cities and reducing community carbon emissions. The extensive background
knowledge gained from the completion of this research project provides a basic understanding
of how larger cities develop as well as the basic features a city or community must have in order
to economically prosper.
Sāmoa has great potential to be a leader for all other Pacific islands in planning and
designing climate-resilient urban designs and mitigation strategies. Sāmoa was the first island
state to gain independence and it certainly can also become a paramount example of
sustainability for all other nations in Oceania if proper urgency of natural vulnerabilities and
project planning are put into full effect (Ministry of Natural Resources and Environment, 2019).
An ancient Sāmoan proverb states “Ua sau le va’a na tiu, tau mai i le va’a na tau ae o lo’o
mamau pea lago o le va’a na fao afolau” (“One boat returns from the catch; the other is tied to
the strand; the third one is propped up in the boat house”) (Landscape Architecture Aotearoa,
2019). This proverb reflects the shared communal responsibility of all people to sustain a village
- or in this case build and modify the existing city of Apia. If Apia’s sustainable plans for the
future receive enough care and attention from all of the needed community members, the
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anticipated projects will flourish from continuous action and sprout new branches of opportunity
and positive change for years to come.

Recommendations for Future Study
An example of a future study that can be investigated is how well Australian and New
Zealand designed sustainable infrastructure work overseas in their native countries in
comparison to when these same projects are implemented in Sāmoa. One study focused on
how foreign aid partners oftentimes gift large grants to Sāmoa for specific projects designed by
the overseas donors like Australia and New Zealand. The issue with this is that international
partners are not citizens and inhabitants of Sāmoa and therefore do not have a full
understanding of the natural risks of climate change that Sāmoa faces in addition to how
mitigation projects can impact communities or social dynamics as seen with Fa’a Sāmoa
(Climate Resilience Investment Programme, 2011). The work of this study could be used to
supplement further research comparing the benefits and consequences of sustainable projects
designed by Australia and New Zealand in their native countries in contrast to when the same
projects are utilized in Sāmoa. Another study argued that Sāmoa loses its cultural roots as
immigration and overseas tourists begin to populate the islands at an increasing rate (Crossle
and Sprague, 2014). An additional idea for a future study is to analyze how Sāmoa can retain its
cultural and native identity as tourism and relations to China continue to grow. Other possibilities
for future study include the following:

●

Benefits versus cost of promoting immigration to Sāmoa from China for permanent
business and economic projects

●

Methods to improve village engagement in sustainability projects

●

Projects to enhance Sāmoan education system focusing on environmental change and
mitigation strategies
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GLOSSARY

DAC - Disaster Advisory Committee
DMO - Disaster Management Office
IBRD - International Bank for Reconstruction and Development
IMPRESS - Performance and Reliability of RE Power System in Sāmoa
MNRE - Ministry of Natural Resources and Environment
MWCSD - Ministry of Women Community and Social Development
MWTI - Ministry of Works, Transport, and Infrastructure
NAPA - National Adaptation Program of Action
NDC -The National Disaster Council
SDG - Sustainable Development Goal
SIAM-2 - Sāmoa Second Infrastructure Asset Management Project
SPCR - Sāmoa Strategic Program for Climate Resilience
SPREP - Secretariat of the Pacific Region Environment Program
USD - United States dollars
WST - Western Sāmoan Tala

Fa’a Sāmoa - the traditional-customary and socio-political ways of Sāmoan life
fale - an open, traditional Sāmoan home made with natural and local materials
fau - the Hibiscus tiliaceus tree found in Sāmoa
talanoa - open conversation of experiences and encounters
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APPENDICES
A. Personal interview questions for Ministry of Work, Transport, and Infrastructure

1. Please describe your area of work within your organization of the Ministry of Works,
Transport, and Infrastructure. What types of projects are you currently working on?

2. What major impacts does climate change have on city infrastructure? What natural
disaster do you believe is having the most monumental effect on Apia?

3. Please state how each of the following outcomes of climate change are impacting Apia:
cyclone damage, flooding, and heat. Which one of the three stated factors do you think
is the most problematic and why?

4. Do you believe that the Apia Waterfront Plan could be improvised in any way to
safeguard Apia from impacts of climate change while also still attracting tourism?

5. What role does information technology have in urban design and city planning for Apia?

6. What is the relationship like between the Ministry of Works and Sāmoan policy makers?
How does your organization communicate and work with individuals behind policy and
planning in the government?

7. What challenges does the Ministry of Works face in its goals and projects?

8. What is your opinion on the foreign aid Sāmoa receives from partners such as China,
New Zealand, and Australia?

9. How may Sāmoa utilize foreign relations in the development of sustainable, climateresilient urban design other than through economic aid?

10. What type of renewable energy do you think is most suitable for Sāmoa to utilize? Why?
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B. Personal interview questions for telecommunication technology employees

1. Are you able to give a detailed definition of climate change?
(YES / NO)
Personal definition:
2. Do you believe that Sāmoa is put at immediate risk due to global warming?
(YES / NO)
3. The city of Apia’s infrastructure is improving to better protect itself against events such
as cyclone damage and flooding.
(YES / NO)
FOR THE FOLLOWING QUESTIONS, PLEASE INDICATE THE EXTENT IN WHICH YOU
AGREE WITH THE STATEMENTS:
4. There is a sufficient amount of data supporting the idea that the natural environment and
climate is changing in Sāmoa.
(Strongly Disagree / Disagree / Somewhat Agree / Agree / Strongly Agree)
5. Environmental issues and news such as storms, flooding, and infrastructure damage
affect Sāmoa’s international relations and globalized trade.
(Strongly Disagree / Disagree / Somewhat Agree / Agree / Strongly Agree)
6. It is more valuable to have a secure national economy before focusing on social,
community, and environmental concerns.
(Strongly Disagree / Disagree / Somewhat Agree / Agree / Strongly Agree)
7. Globalization and foreign aid with partners such as Australia, New Zealand, and China
are positive for improving infrastructure and community projects.
(Strongly Disagree / Disagree / Somewhat Agree / Agree / Strongly Agree)
8. Globalization and interactions with China along with programs such as China Aid will
improve the economy and overall GDP in Sāmoa.
(Strongly Disagree / Disagree / Somewhat Agree / Agree / Strongly Agree)
9. My work office is a large factor of the different mindsets and perceptions citizens have of
local issues.
(Strongly Disagree / Disagree / Somewhat Agree / Agree / Strongly Agree)
10. My career is an important influencer of Sāmoan branding and overseas opinions of my
nation.
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(Strongly Disagree

/

Disagree

/

Somewhat Agree

/

Agree

/

Strongly Agree)

OPEN-ENDED QUESTIONS:
11. Do you feel as though you or your family is directly impacted by any of the following
(bold): flooding, drought, cyclone damage, damaged crops, vector-born diseases, lack of
clean drinking water, increased heat, erosion or shortage of food resources?
12. On a personal level, which ones of the above issues is of most and least concern? Why?
Most concern:
Least concern:
13. What are your thoughts about the Sāmoan government’s regulation of laws addressing
environmental changes in your country?
14. What is an example of an idea or project Apia should undertake in its next steps to
safeguard itself against the harmful effects of the changing climate?
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C. Survey Questions for Ministry of Health, Cancer Society, church groups, and N.U.S students

1. Are you able to give a detailed definition of climate change?
(YES / NO)
Personal definition:
2. Do you believe that Sāmoa is put at immediate risk due to global warming?
(YES / NO)
3. The city of Apia’s infrastructure is improving to better protect itself against events such
as cyclone damage and flooding.
(YES / NO)
FOR THE FOLLOWING QUESTIONS, PLEASE INDICATE THE EXTENT IN WHICH YOU
AGREE WITH THE STATEMENTS:
4. There is a sufficient amount of data supporting the idea that the natural environment and
climate is changing in Sāmoa.
(Strongly Disagree / Disagree / Somewhat Agree / Agree / Strongly Agree)
5. Environmental issues and news such as storms, flooding, and infrastructure damage
affect Sāmoa’s international relations and globalized trade.
(Strongly Disagree / Disagree / Somewhat Agree / Agree / Strongly Agree)
6. It is more valuable to have a secure national economy before focusing on social,
community, and environmental concerns.
(Strongly Disagree / Disagree / Somewhat Agree / Agree / Strongly Agree)
7. Globalization and foreign aid with partners such as Australia, New Zealand, and China
are positive for improving infrastructure and community projects.
(Strongly Disagree / Disagree / Somewhat Agree / Agree / Strongly Agree)
8. I would feel safe staying in a building or type of infrastructure in Apia during a strong
cyclone storm.
(Strongly Disagree / Disagree / Somewhat Agree / Agree / Strongly Agree)
9. When I turn off electronics, I only do it because I want to save money on the electrical
bill.
(Strongly Disagree / Disagree / Somewhat Agree / Agree / Strongly Agree)
10. It is difficult for my family and I to gain access to clean drinking water..
(Strongly Disagree / Disagree / Somewhat Agree / Agree / Strongly Agree)
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11. I have learned about climate change and its effects on people during school lectures and
teachings.
(Strongly Disagree / Disagree / Somewhat Agree / Agree / Strongly Agree)
12. I can name at least three different types of renewable, sustainable energy.
(Strongly Disagree / Disagree / Somewhat Agree / Agree / Strongly Agree)
Please list: (1) ________________, (2)_________________, (3)_________________
OPEN-ENDED QUESTIONS:
Please answer the following questions in at least one sentence explaining your thinking.
13. Do you feel as though you or your family is directly impacted by any of the following :
flooding, drought, cyclone damage, damaged crops, vector-born diseases, lack of clean
drinking water, increased heat, erosion or shortage of food resources?
Please circle the impacts you are affected by.
14. On a personal level, which ones of the above issues is of most and least concern? Why?
Most concern:
Least concern:
15. What are your thoughts about the Sāmoan government’s regulation of laws addressing
environmental changes in your country?

16. What is an example of an idea or project Apia should undertake in its next steps to
safeguard itself against the harmful effects of the changing climate?
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D. Written consent form

I, ________________________, consent to participating in Alyssa Kaewwilai’s undergraduate
independent study project: Reimaging Future Sustainable, Climate-Resilient Design for Apia,
Sāmoa. I understand that the purpose of this study is to analyze Sāmoa’s environmental,
economic, and social risks of climate change as well as current/future mitigation efforts made to
protect city infrastructure and Sāmoan civilians. I acknowledge that direct quotes I use during
the conversation can be used in the construction of the written report of this project. I have been
informed that I do not need to answer any questions that make me feel uncomfortable or uneasy
as well as the fact that I can remain anonymous if that is my preference. The information I have
provided is as accurate as it can be due to my understanding of the questions asked.

WOULD YOU LIKE TO REMAIN ANONYMOUS?
❏ YES
❏ NO

Name: ________________________________
Signature: ______________________________
Date: __________________________________

